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Acute (24 h) toxicity tests were conducted to determine the toxicity of the
fungicide chlorothalonil towards the freshwater bdelloid rotifer (Philodina
acuticornis odiosa). Since rotifers are the dominant zooplankton species in
many inland freshwater lakes in Australia, the influence of salinity on
chlorothalonil toxicty was also assessed. The rotifers used in this study
appeared to be reasonably tolerant to changes in salinity, with little
mortality observed at 3760 mS cm1, increasing thereafter at higher salinity.
The bdelloid rotifers were, however, found to be highly sensitive to
chlorothalonil (24 h LC50, 3.2mgL1) with results also suggesting that as
salinity increases, so does toxicity (e.g., 24 h LC50 at 5000 mS cm1,
0.5mgL1).
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Introduction
Reviews of contaminant transport mechanisms carried out by Victoria’s Department
of Primary Industries (Australia) have highlighted that pesticides, such as
chlorothalonil (a non-systemic organochlorine fungicide), can contaminate surface
water through spray drift, overland flow processes, and leach through irrigated soils
before entering sub-surface tile drainage systems and may thus pose an ecological
risk to receive environments such as lakes, wetlands, and streams (Wightwick and
Allinson 2007). The Australian and New Zealand Guidelines for Fresh and Marine
Water Quality provide trigger values that indicate the potential toxicity to aquatic
organisms and to assist with characterizing the likely ecological effects of pesticides
in Australasian waters (ANZECC 2000). Unfortunately, chlorothalonil is not one of
those few pesticides for which a trigger value has been prescribed in Australia. Those
ANZECC trigger values that are available are also generic, and require adaptation
to site specific conditions, particularly for water quality parameters such as pH,
hardness, dissolved organic carbon, and salinity, to thoroughly assess additive,
synergistic, or antagonistic effects (ANZECC 2000).
Inland freshwater lakes in Victoria, Australia, often experience higher salinities
than in other aquatic environments, such as streams and rivers. For example, the
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salinity of the Murray River bordering Victoria is generally 100 mS cm1, whereas
nearby inland lakes have salinities greater than 5000 mS cm1 (Ellis 2006). In such
Australian inland freshwaters the dominant macroinvertebrates are often rotifers
and copepods (Ellis 2006). Rotifers, of course, are not just found in Australian inland
waters, but play a key role in freshwater ecosystems worldwide, where their grazing
pressure can affect algal numbers and hence water quality, and their rapid
population turnover rates allows them to contribute significantly to nutrient
recycling (Snell and Jannsen 1995). Consequently, they are useful models for
ecotoxicology. Ecotoxological testing undertaken on rotifers has primarily focused
on the Monogononta, using the genus Brachionus, of which Brachionus calyciflorus
is by far the most commonly used species in toxicity tests (e.g. as evidenced by the
number of entries in the Pesticide Action Network toxicity database; PAN 2009).
The Bdelloidea have been far less used in toxicity testing than monogonont rotifers,
perhaps because bdelloid rotifers do not produce resting eggs, and so there is a need
to maintain actively-growing cultures for testing purposes. There is also the challenge
in identifying and transferring same-aged individuals into test vessels. Hagen and
others (2009), however, evaluated the use of new assay using the bdelloid rotifer,
Philodina acuticornis odiosa, noting that the test, when using mortality as the
endpoint was both reliable and repeatable. Few studies have directly investigated the
influence of increased salinity on the toxicity of pesticides towards freshwater aquatic
invertebrates even though salinity can modify the toxicity of a number of
contaminants for many different groups of organisms (Nero et al. 2006; Sarma
et al. 2006; Staton et al. 2002; Hall and Anderson 1995). Consequently, this project
focused on the influence of one of the most important water quality parameters in
Australian inland waters, namely salinity, on the toxicity of chlorothalonil towards
the freshwater rotifer P. acuticornis odiosa.
Materials and methods
Culturing and maintenance of P. acuticornis odiosa rotifers and their food (Chlorella
sp.) was conducted according to the method of Hagen and others (2009). Tests were
conducted using juvenile rotifers, also according to the method of Hagen and others
(2009), which incorporates the ASTM standard guidelines for acute toxicity tests on
test materials with fishes, macroinvertebrates, and amphibians (ASTM 1996), with
modifications made based on the latest methods available for rotifers (ASTM 2004).
Stock standard solutions of chlorothalonil (tetrachloroisophthalonitrile, 99.3%;
ChemService, West Chester, PA) were prepared by dissolving the required amount of
chemical in acetone (1mL; AR grade, Mallinckrodt Chemicals). The highest
concentration of acetone present in a test solution was 0.00001% v/v, and a solvent
vehicle control incorporating this amount of acetone was included in test regimes.
Test solutions of the required salinity were prepared by dissolving Ocean Nature Salt
(Aquasonic, Ingelburn, NSW, Australia) in deionized water, such that Naþ (32%)
and Cl (53%) were the dominant major ions in the test solutions, as is found in
many inland lakes in Australia (Radke, Howard, and Gell 2002).
The salinity tolerance of the rotifers was determined through exposure to
solutions with nominal electrical conductivity (EC) of 260, 2100, 3760, 7850, and
15,800 mS cm1. The 260mS cm1 solution was effectively the negative control,
as this was also the concentration of total dissolved salts in the dilution water.
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Each treatment was replicated eight times. Tests were accepted if there was at least
90% survival in the negative controls.
The chlorothalonil toxicity testing was undertaken using 0.01, 0.1, 1, 10, and
100 mgL1 chlorothalonil. Testing included a negative control (dilution water only,
0mgL1 chlorothalonil), a positive control (phenol, 142mgL1), and a solvent
vehicle control (dilution containing 0.00001% v/v acetone). Rotifers were exposed to
nominal concentrations of test chemical. The influence of salinity on chlorothalonil
toxicity was then assessed by exposing rotifers to 0.01, 0.1, 1, 10, and 100mgL1
chlorothalonil at three additional salinities (2500, 4000, and 5000 mS cm1). Each
treatment was replicated eight times. Tests were accepted if there was at least 90%
survival in the negative controls.
Data from the toxicity testing was analyzed using the statistical package ToxCalc
(Version 5.0.026, Tidepool Scientific Software, Mckinleyville, CA, USA). The
percentage data (survival) was analyzed using the maximum likelihood probit
method. For each test the concentration of toxicant causing mortality in 50% of the
test population (LC50) and 95% confidence intervals was generated. Probit analysis
was used to measure the relationship between the overall effect of the four different
salinities on the proportion of cases exhibiting a response to the fungicide
chlorothalonil. When all factors were investigated together, the assumptions
associated with the parallelism test could not be met, and therefore each factor
was investigated individually (2¼ 26.062, df¼ 3. p-value5 0.000) using SPSS
version 14.0 for Windows (SPSS Inc., Chicago).
Results and discussion
The pH and temperature, EC and hardness of the test solutions were within 2% of
pH 7.5 and 21C, 5% of 271mS cm1, and 10% of 61mgL1 (CaCO3), respectively.
Mortality in the negative controls was 0%, and within 10% of the expected values in
the positive controls, therefore the tests were considered acceptable (ASTM 2004).
Accordingly, the 24 h LC50 in freshwater (260mS cm1) was calculated to be
3.2mgL1 chlorothalonil (95% confidence interval (CI) 2.0–5.2mgL1; Tables 1
and 2). The toxicity of chlorothalonil to the most commonly used rotifers in toxicity
testing (B. calyciflorus and Brachionus pilicatilis) has not been reported, and
therefore it is difficult to compare our findings directly to other studies using rotifers.
There is, however, limited data on the toxicity of chlorothalonil to other freshwater
Table 1. Summary of mortality observed when P. acuticornis odiosa was
exposed to chlorothalonil.
Treatment (mgL1)
Mortality (%)
Mean (n¼ 6) Range CV (%)
Control 0 – –
0.01 5 0–13 110
0.1 16 0–27 59
1 23 13–29 22
10 55 41–64 16
100 100 – –
Toxicological & Environmental Chemistry 745
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invertebrate species. These suggest that, for instance, P. acuticornis odiosa has a
similar tolerance to chlorothalonil as the juvenile giant Tasmanian crayfish
(Astacopsis gouldi; 96 h LC50, 12 mgL1; Davies, Cook, and Goenarso 1994), but
appears much less tolerant to chlorothalonil than Daphnia magna (48 h LC50,
129 mgL1; Ernst et al. 1991).
The rotifers used in this study appeared to be reasonably tolerant to changes in
salinity, with no mortality observed up to 2100 mS cm1, but some mortality observed
at 3760 mS cm1, increasing thereafter (Table 3). In some respects our observations
were not unexpected, as salinities between 3 and 10 gL1 (4700–15,000mS cm1)
are generally considered to adversely affect freshwater aquatic organisms (Nielsen
et al. 2003). Indeed, our data is directly comparable with the data reported by Sarma
and others (2006), who reported that the population dynamics of ten freshwater
zooplankton species, including the rotifers Anuraeopsis fissa, B. calyciflorus,
Brachionus havanaensis, Brachionus patulus and Brachionus rubens, were adversely
affected by 1.5–3.0 gL1 NaCl. Peredo-Alvarez, Sarma, and Nandini (2003) noted
that B. patulus was less tolerant than B. calyciflorus to elevated salinity (24 h LC50:
2.14 0.09 and 3.75 0.04 gL1 NaCl, respectively). Moreover, salinity is consid-
ered one of the most important abiotic factors influencing the survival and
abundance of zooplankton inhabiting water bodies (Snell and Janssen 1995; Sarma
et al. 2006), and in the field, salinities greater than 2 gL1 (3125 mS cm1) have been
correlated with a decrease in the number of rotifer species and linked to a reduction
in their emergence from dormant cysts (Nielsen et al. 2003). Although the latter
would suggest that salinity is likely to be a major stressor on the rotifer communities,
Table 2. Summary of the response when P. acuticornis odiosa was exposed
to chlorothalonil at various salinities.
Salinity (mS cm1)
Chlorothalonil LC50 (mgL1)
Mean (n¼ 8) Range*
260 3.2 2.0–5.2
2500 1.5 1.0–2.4
4000 0.5 0.4–0.7
5000 0.5 0.3–0.7
Notes: *95% confidence limits for LC50.
Table 3. Summary of mortality observed when P. acuticornis odiosa was
exposed to a range of salinities.
Salinity (mS cm1)
Mortality (%)
Mean (n¼ 8) Range CV (%)
260 1.25 0–10 280
2100 0 – –
3760 37 8–59 52
7850 49 42–56 10
15,800 100 – –
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high abundances of rotifers have been found in the relatively saline environments
of the Cardross Lakes and Lake Hawthorn (which have salinities greater than
5000 mS cm1 (Ellis 2006)), and it is thus likely that the species present in those lakes
have become more tolerant to salinity than the Philodina sp. used in these tests.
There were statistically significant differences in the 24 h chlorothalonil LC50
between salinity treatments (p5 0.05; Table 2). For example, in the control
treatment (260mS cm1), the LC50 is significantly more than that observed at both
4000 and 5000 mS cm1 treatments. Moreover, the 4000 and 5000 mS cm1 treatment
LC50s are significantly lower than that observed at 2500 mS cm1. In short, the
higher the salinity the more toxic chlorothalonil is to P. acuticornis odiosa. No clear
relationships between pesticide toxicity and salinity have been observed in the few
studies that have looked at this interaction in freshwater organisms (Heugens et al.
2001) with the exception being organophosfate insecticides where toxicity increases
with rising salinity. Broadly, however, our results are consistent with Gama-Flores,
Sarma, and Nandini (2005), who reported that even narrow changes in salinity (2.5
cf. 5 gL1) could negatively influence the toxicity of copper on the population
growth rates of Brachionus rotundiformis.
Conclusions
This study has found that the freshwater bdelloid rotifer P. acuticornis odiosa is
relatively sensitive to chlorothalonil compared to other invertebrates such as the
cladoceran (D. magna). The LC50 value generated can be combined with existing
ecotoxicological data related to chlorothalonil to assist in future ecological risk
assessments. Moreover, there was a significant interaction of salinity with
chlorothalonil toxicity, and consequently salinity may be a major consideration
when assessing risks to freshwater rotifers from chlorothalonil (and this may also be
true for other aquatic invertebrates).
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